In the field of cell biology it is usual to characterize cellular components obtained after different separative procedures by enzyme markers characteristic for a particular cell constituent. In the field of virology such procedures are generally not in use for the characterization of virus preparations. More often the labeling of cell proteins is employed when a differentiation between virus-specific and hostspecific components is desired. It is not necessary to point out here that the labeling technique has some disadvantages. Therefore, we used different enzymes as markers for the characterization of virus preparations. For a long time neuraminidase present in myxoviruses and paramyxoviruses was the only virus-specific enzyme known to be associated with animal viruses 1 . In the last few years some other enzymes, e.g. RNA-and DNA-polymerases 2~7 , endo-and exonucleases 8_10 , and phosphohydrolases [11] [12] [13] [14] [15] [16] also have been found to be associated with virus particles.
Materials and Methods
Fowl plague virus, strain Rostock, was used as a representative of myxoviruses. This virus was grown in 11-day-old chick embryos. The allantoic fluid was harvested two days after infection, centrifuged at low (2000 g) and high (30,000 g) speed, and suspended in hypertonic phosphate buffered saline (1.44% NaCl in 0.04 M phosphate buffer, pH 7.2). After repeating the low and high speed centrifugation, the virus-containing concentrate was centrifuged in sucrose gradients as described later.
Adenosine triphosphatase (ATPase) activity was determined by incubation of the enzyme preparation (0.1 ml) with 3 //mole ATP in 0. 55 16 MM NaCl, and 4.6 MM MgCl2 . After 1 hour incubation 0.6 ml 20% cold trichloroacetic acid was added and the sample centrifuged in a laboratory microcentrifuge for 5 minutes at 16,000 g; 0.5 ml of the supernatant was used for the estimation of free phosphate according to LOHMANN and JENDRASSIK 17 ' 18 .
Neuraminidase activity was determined with N-acetylneuraminosyl-(ct, 2 ->-3) lactose as substrate and the hemagglutinating activity with chick red blood cells 19 . The infectivity was measured in a plaque assay system using chick embryo fibroblasts 20 . Phosphatase activity was determined at pH 4.8 with p-nitrophenylphosphate as substrate 21 . The incubation time was 15 hours at 37 °C, merthiolate (0.004%) was added to prevent bacterial growth.
Results
To separate virus particles from non-viral activities, a concentrated preparation of fowl plague virus was centrifuged in a velocity run in a 5 -20% sucrose gradient: 4 ml of a fowl plague virus concentrate containing 27 mg protein and 1 x 10 12 infectious virus particles (plaque forming units) were put on top of 54 ml of a linear 5 -20% sucrose gradient made in hypertonic sodium chloride containing phosphate buffer, pH 7.2 and centrifuged in the swinging bucket (SW 25/11) rotor (Beckman ultracentrifuge) at 15.000 rpm, 4 °C for 50 min.
Fractions of 4 ml were collected by puncturing the bottom of the cellulose nitrate tube above the sediment. They were analyzed directly for hemagglutinating activity, infectivity, and acid phosphatase activity. Since the sucrose and phosphate had to be removed before neuraminidase and ATPase activity could be measured, all fractions were dialyzed against 0.15 M phosphate buffer for the determina- tion of neuraminidase activity and 0.1 M NaCl in 0.05 M TRIS/HCI, pH 7.2, for the determination of ATPase activity. Fig. 1 shows that ATPase activity is found in the same region of the gradient as neuraminidase and hemagglutinating activity. It shows also that the bulk of an acid phosphatase is separated from these three activities. All the 5'-nucleotidase activity was found in the sediment (not shown in Fig. 1 ).
sucrose gradient. The linear gradient contained sucrose from 30 -50% in a volume of 30 ml. On top of this gradient were layered 28 ml of the collected fractions (No. 7 -11) from the first gradient and centrifuged in the SW 25/11 rotor at 25.000 rpm, 15 °C for 6 hours. After this time equilibrium was reached, since the position of the different activities did not change if the centrifugation was prolonged to 15 hours. (o -o) the amount of A^-acetyl-neuraminic acid (NANA) liberated from 100 /ug of bovine sialyllactose in 0.5 ml of the test volume in 15 min. at 37° at pH 7.0; the virus dilution applied was calculated for 1 ml of the original fraction obtained from the gradient. 1 unit corresponds to 1000 [xg NANA released by 1 ml of the fraction in 15 minutes. ATPase activity:
(A ---A) was determined by measuring the amount of inorganic phosphate released from ATP after one hour incubation at pH 8.2 and 37°. 1 unit corresponds to 0.5 p.mole inorganic phosphate released by 1 ml of the fraction in 1 hour. Phosphatase activity: (x -x) the amount of p-nitrophenol released from 1.65 mg sodium p-nitrophenylphosphate in a volume of 1.25 ml at pH 4.8 after 15 hours incubation at 37° was measured spectroscopically at 405 nm after addition of 4 ml of 1 N NaOH. 1 unit corresponds to the hydrolysis of 0.03 /imoles p-nitrophenylphosphate in 1 hour at 37 °C by 1 ml of the appropriate fraction from the sucrose gradient.
To obtain a further separation of virus-associated activities from non-viral components, the virus-containing fractions were centrifuged in a second Ö) Fractions of 2 ml were collected by puncturing the bottom of the tube. Fig. 2 shows that most of the ATPase activity is associated with the maximum of infectivity, neuraminidase and hemagglutinating activity. The gross of phosphatase activity, however, is clearly separated from virus particles. Some acid phosphatase activity remains in the virus-containing fraction. This accounts for about 2% of the original acid phosphatase activity found in the virus concentrate.
Discussion
Our experiments are a first step towards a better characterization of virus preparations. They show that more than 98% of an acid phosphatase and all 5'-nucleotidases which are present in crude virus concentrates can be separated by a two-step sucrose gradient centrifugation technique. A large amount of ATPase activity remains in the virus preparations. From the distribution of ATPase activity in the gradients it is concluded that this enzyme is associated with the virions of myxoviruses.
ATPase activity was also found to be associated with other viruses, namely poxvirus 12 ' 13 , reovirus 14 ' 15 , and frogvirus 3 22 . As was reported earlier, ATPase activity in Newcastle disease virus 11 has to be treated with some reservation, since no dif-
